Because total nitrogen (TN), in which nitrate (NO 3 -) is dominant in the effluent of most wastewater treatment plants, cannot meet the requirement of Chinese wastewater discharge standard (<15 mg/L), NO 3 -elimination has attracted considerable attention. In this research, the novel diatomite-supported palladium-copper catalyst (Pd-Cu/diatomite) with zero-valent iron (Fe 0 ) was tried to use for catalytic reduction of nitrate in wastewater. Firstly, specific operational conditions (such as mass ratio of Pd:
INTRODUCTION
Contamination of nitrate in water resources has become a severe environmental problem. Excess nitrate in water can cause water pollution (such as river eutrophication and water quality deterioration). On the other hand, nitrate can also be reduced to nitrite, which poses several health threats to humans, such as liver damage and even cancer (Hosseini et al. ) . Nitrate in wastewater mainly comes from agricultural activities, domestic and industrial sewage (Hwang et al. ) . With aggravation of water pollution, efficient technologies for nitrate elimination have attracted much attention.
Among the existing technologies for nitrate removal, physico-chemical denitrification, biological and chemical reductions have been widely used (Kim et al. ) .
However, physico-chemical methods like ion exchange, reverse osmosis and electrodialysis, require frequent regeneration of the medium and further treatment for the secondary waste produced (Soares et al. ) . Biological denitrification can achieve high nitrate removal.
However, this process is complex and requires monitoring of the carbon source (Subramanyan et al. ) . To date, chemical catalytic reduction of nitrate has been regarded as one of the promising techniques to reduce nitrate in wastewater. Vorlop & Tacke () proposed the new method of catalytic reduction to reduce nitrate in water. Since then, this potential technology has been gradually accepted by researchers. In previous research, H 2 and organic acids (e.g. HCOOH) were employed as a reductant for catalytic nitrate reduction. However, the potential risk of explosion, low solubility of H 2 in aqueous media, difficulty in operational conditions and potential health problems limit were innovatively used for nitrate reduction. Controlled reaction conditions (Pd:Cu quality ratio, catalyst dosage, reaction time and pH) were firstly studied, and then the mechanism of catalytic nitrate reduction was proposed.
MATERIALS AND METHODS

Materials
Diatomite with a specific surface area of 285 m 2 /g and a mean particle diameter of 62 nm was used as the support.
The chemicals used in this research were as follows:
sodium nitrate (NaNO 3 ), cupric chloride dihydrate (CuCl 2-⋅2H 2 O), palladium chloride (PdCl 2 ), hydrochloric acid (HCl), iron powder (<0.07 nm, >98%). All chemicals were of analytical grade.
Catalyst preparation
A wet impregnation method was adopted to obtain Pd-Cu/ diatomite catalyst (Saada et al. ) . PdCl 2 and CuCl 2 ·2H 2 O were used as metal precursors to obtain the desired amount of metals coated on diatomite. Five grams of the catalyst was prepared as follows: (1) PdCl 2 (0.5 g) and CuCl 2 ·2H 2 O (0.3 g) solution were added into the diatomite (4.8 g) suspension solution and continuously stirred for 10 min (400 rpm);
(2) the above mixed solution (400 mL) was dried in a vacuum oven at 100 W C for 24 h; (3) the dried mixture was heated at 350 W C for 2 h in order to coat the metals on the surface of the diatomite; (4) a certain volume of NaBH 4 solution was added dropwise to the mixture with vigorous agitation to load Pd and Cu elements on diatomite; (5) Pd-Cu/diatomite catalyst was separated using a centrifuge (5,000 rpm, 10 min per cycle); (6) the prepared catalyst was washed twice with deionized water and dried in a vacuum oven at 60 W C for 24 h.
Catalyst characterization
The specific surface area of the catalyst was determined by a Brunauer-Emmett-Teller (BET) surface area analyzer (F-Sorb X400, Gold APP Instruments Corporation, China). The morphology of diatomite and Pd-Cu/diatomite were analyzed by electron microscopy (SEM, JSM-35C, Japan) and elemental information of the catalyst was obtained with energy dispersive spectroscopy (EDS) in conjunction with SEM. The samples were also characterized by X-ray diffraction analysis (XRD-6000, Rigaku, Japan). Fourier transform infrared spectroscopy (FTIR) spectra of the samples were analyzed by an FTIR spectrometer (Tensor 27, Bruker).
Experimental design
Artificial solution (20 mg/L NaNO 3 ) was firstly prepared for optimization experiments of operational conditions. The optimum operational conditions were chosen under different operational conditions including Pd:Cu mass ratio, reaction time, catalyst amount and pH value of solution.
Then, the real treated wastewater was used for the feasibility tests under the optimum operational condition. Water samples were collected from the secondary effluent of a municipal wastewater treatment plant in Beijing, China.
All experiments were performed in necked flasks with a total volume of 150 mL. One hundred mL of NaNO 3 solution or wastewater was added to each flask with 0.5 g of Fe 0 . All flasks were placed in an electronic oscillator stirring under 250 rpm at room temperature.
Laboratory analyses
Samples were collected periodically to determine nitrate, nitrite and ammonium concentrations in accordance with standard methods. Nitrate removal and catalytic selectivity to N 2 were calculated as:
where C 0 is the initial concentration of nitrate in solution (mg/L), C t is the nitrate concentration (mg/L) at time t (min) and C N2 is the amount of N 2 produced (mg/L).
RESULTS AND DISCUSSION
Optimization of operational condition
Pd:Cu mass ratio
Pd:Cu mass ratio can significantly affect nitrate reduction By-products were analyzed after catalytic reduction.
Results indicated that the removed nitrate was mostly converted to N 2 , whilst ammonium and nitrite were only minor parts under the optimal Pd:Cu mass ratio (3:1). EDS analysis shown in Figure 2 (a) indicates that Pd and Cu were both detected on diatomite and the mass ratio was nearly 3:1. The results are shown in Table 1 .
Based on the results analyzed above, 64% of nitrate removal efficiency and 60% of N 2 selectivity were reached.
According to the related research, the catalytic performance under the catalysis of different Pd-Cu catalysts (e.g. CeO 2 , TiO 2 , MnO 2 , Al 2 O 3 , SiO 2 ) with H 2 remained lower, the 
The standard electrode potential formula is The first-order equation:
and then the following equation can be obtained:
The zero-order equation:
the equation can be transformed:
where ν is the rate of reaction (mg/(L·min)); is nitrate concentration at time t (mg/L), 0 is the initial concentration of nitrate (mg/L), k obs is the reaction rate constant.
The results in Table 2 indicate that the correlation coef- 
